INTRODUCTION
Semiconductor chips, or integrated circuits, are the basic building blocks of the modern information age. 1 They are the most pervasive and widespread component of the digital era, figuring into everything from smartphones to laptops, PCs, and tablet devices to digital cameras. Indeed, anything that can be considered even remotely "electronic" is likely composed of semiconductor chips. In 1984, at the behest of the semiconductor industry, Congress passed the Semiconductor Chip Protection Act ("SCPA") to protect the costly and time-consuming process of designing semiconductor chips. 6 The SCPA grants protection to a "mask work" that is "fixed in a semiconductor chip product." Mask works were originally thought to be protected by patents, but patent laws do not extend to mask works because mask works are not individually novel, useful, or non-obvious. 10 Mask works also do not clearly fit the type of material traditionally protected by copyright, such as literary works or music, 11 because they are technical by-products more akin to software. 12 Thus, Congress created sui generis protection for mask works, and in doing so, used the SCPA to form a "bridge," filling "the gap between copyright and patent law." 13 However, the bridge between the regimes of patent and copyright law seems to lean more towards the copyright side, because the SCPA was initially proposed as an extension of existing copyright protection. 14 The idea of giving mask works sui generis protection is deeply rooted in copyright law. 15 Mask works must be registered and filed with the Copyright Office, not the U.S. 8 SAMI FRANSSILA, INTRODUCTION TO MICROFABRICATION 290 (2d. ed. 2010) ("Shadow masks (also known as stencil masks) are mechanical aperture plates. Shadow mask patterning is basically lift-off with a mechanical mask instead of a resist mask.").
9
A "mask work" is defined by the SCPA as: "a series of related images, however fixed or encoded-(A) having or representing the predetermined, three-dimensional pattern of metallic, insulating, or semiconductor material present or removed from the layers of a semiconductor chip product; and (B) in which the series the relation of the images to one another is that each image has the pattern of the surface of one form of the semiconductor chip product." 17 U.S.C. § 901(a)(2) (1984) . 
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Patent and Trademark Office. 16 In addition, like copyright law, the SCPA only protects "original" 17 mask works that are "not staple, commonplace or familiar" within the semiconductor industry.
18
SCPA protection also does not extend to any "idea, procedure, process, system, method of operation, concept, principle or discovery, embodied in a [mask work]," as such areas are left to patent protection. 19 There is also a "reverse engineering" exception embedded in the SCPA. 20 This reverse engineering exception is similar to the "fair use" doctrine in Copyright, which is a legal doctrine that permits the unlicensed use of copyright-protected works in certain circumstances such as, for example, criticism, parody comment, news reporting, teaching, scholarship, research, etc.
21
The reverse engineering exception establishes that it is not infringement for a person to "reproduce a mask work solely for the 16 17 U.S.C. § 908 (1988) . 17 17 U.S.C. § 902(b)(1) (1988) . 18 17 U.S.C. § 902(b)(2) (1988) . Cf. 17 U.S.C. § 1302 (1988) (noting that the statute from the Copyright Act states: "Protection under this chapter shall not be available for a design that is-(1) not original; (2) staple or commonplace, such as a standard geometric figure, a familiar symbol, an emblem, or a motif, or another shape, pattern, or configuration which has become standard, common, prevalent, or ordinary; (3) different from a design excluded by paragraph (2) only in insignificant details or in elements which are variants commonly used in the relevant trades; (4) dictated solely by a utilitarian function of the article that embodies it; or (5) embodied in a useful article that was made public by the designer or owner in the United States or a foreign country more than 2 years before the date of the application for registration under this chapter."). See 17 U.S.C. § 906(a)(1) (1988) ("[it is not an infringement for] a person to reproduce the mask work solely for the purposes of teaching, analyzing or evaluating the concepts or techniques embodied in a mask work or the circuitry, logic flow, or organization of components used in the mask work"); see also 17 U.S.C. § 906(a)(2) (1988) ("[it is not an infringement for] a person who performs the analysis or evaluation described in paragraph (1) to incorporate the results of such conduct in an original mask work which is . . . distributed."); 17 U.S.C. § 906(b) ("[one who owns a] semiconductor chip product made by the owner of a mask work . . . may import, distribute, or otherwise dispose of or use, but not reproduce, that particular semiconductor chip product without the authority of the owner of the mask work."). The primary issue surrounding the SCPA has been its effective "death" in a real-world litigation context. This Article provides a solution to the paucity of SCPA usage, and suggests a wide spectrum of possible future SPCA applications.
34
Since the SCPA is such a critical bridge between patent and copyright law, a basic theme throughout this Article is how to "reapply" the SCPA to current legal contexts, and how its "reapplication" will hopefully generate a strong, real-world interest in the SCPA.
Part I of this Article covers the fundamental basics of the semiconductor. Part II details a brief legislative history of the SCPA. Part III analyzes the Brooktree case in depth: the one case in which the SCPA was applied and litigated. Part IV analyzes the case of Altera v. Clear Logic and its far-reaching implications. Finally, Part V explores solutions and contemporary applications of the SCPA to the modern high-tech economy in the wake of Altera, as well as how to improve present-day practices for meeting SCPA compliance. In this final part, a cost analysis approach is applied to the economics of today's semiconductor industry-with a focus on Silicon Valley-and various factors such as chip piracy, reverse engineering, and semiconductor research/production costs are discussed and analyzed in detail. This Article aims to encourage the use of the SCPA in the courts, and is essentially an effort to resolve the dearth of SCPA usage by "bringing back" the SCPA as a powerful legal tool.
I. SEMICONDUCTOR FUNDAMENTALS
This Part covers what an integrated circuit is, and the process used to manufacture an integrated circuit. Afterwards, a systemlevel view of semiconductor design is discussed, followed by an overview of design, simulation and testing: a common practice in 34 Potential SCPA applications include the protection of chip architectures in a way that is quicker, more efficient and less expensive than patent protection. "Designers should revisit the SCPA and consider incorporating its provisions. It lets them protect architectures quickly and inexpensively while weighing the pursuit of patent protection. 
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A. Integrated Circuits
A semiconductor chip is the same thing as an integrated circuit ("IC"). 35 Basically, ICs are complex, multi-layered compositions that are composed of many smaller semiconductor devices.
36
ICs are also considered to be great works of engineering art and architecture; famous ICs include the Intel "Pentium" processors and the AMD "Athlon" series used to power personal computers and mobile devices, and the 741 operational amplifier used to make signals stronger.
37
Semiconductor devices are usually resistors, capacitors, or transistors fabricated in "semiconductor" metals such as Silicon or Gallium-Arsenide.
38
Semiconductor metals are so-named because they are materials that exhibit "semi" electrical conductivity properties between those of insulators (porcelain, clay) and conductors (copper and aluminum).
39
Semiconductors are very valuable because their semi-conductive electrical properties can be greatly altered in a highly controllable way by adding small amounts of impurities or dopants. "semiconductive" properties are absolutely critical to modern electronics because they allow engineers to customize the amount of electrical flow through a chip by changing the number of positively charged (holes) and negatively charged particles (electrons).
41
The positively and negatively charged materials are known commonly as "dopants," and different circuit components are fabricated on a silicon substrate by varying the concentration of dopants.
42
B. Microfabrication and Photolithography
These multi-layered semiconductor chips or ICs are made using a process known as "microfabrication," 43 which is broken down into several main steps.
44
The most critical step of microfabrication is "photolithography": a procedure in which ultraviolet light is shone through individually distinct and stencillike "mask works," to expose complex patterns of resistors and transistors onto a piece of semiconductor material, such as silicon dioxide on a silicon wafer. 45 Afterwards, exposed areas are etched away layer-by-layer until the final semiconductor chip or IC is obtained.
46
Due to the intricate and highly-individualized nature of a "mask work," each semiconductor chip or IC end-product is unique and carries its own individual blueprint.
47
A quick run-down of the main steps involved in microfabrication is as follows: First, a pure silicon wafer is procured. 46 Kasch, supra note 25, at 74; see also WHITE, supra note 41 (stating that photolithography is a light-based "refinement of the process that fine artists have used for centuries to make lithographs, which are drawings reproduced by pressing sheets of paper onto flat blocks of stone (lithos is the Greek word for stone) to which ink adheres in carefully drawn patterns."). 
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the silicon wafer is then heated to a high temperature (1000-1200°C) in the presence of oxygen in order to form a layer of silicon dioxide (SiO2) on the surface of the wafer.
48
The third, and most significant step, is "Photolithography": (a) A thin layer of light-sensitive material known as "photoresist" is applied on top of the layer of silicon dioxide, 49 and (b) complex patterns are then imprinted onto the photoresist layer by using an individually distinct mask work.
50
The mask work functions like a stencil by filtering ultraviolet light through a complicated pattern to be imprinted upon a layer of photoresist (with silicon dioxide in step four).
51
The fourth step involves "Etching," a process in which the exposed photoresist is washed away with a developer solution, leaving bare silicon dioxide in the exposed areas which are effectively "etched" away with the use of chemicals such as hydrofluoric acid ("HF").
52
In step-five, known as "Diffusion or Ion Implantation," impurities or dopants (either positively or negatively charged) are introduced into the silicon to control the electrical properties.
53
Step six is "Sputtering or Chemical Vapor Deposition": These processes are then used to deposit metal interconnects (wires and contacts) on the IC.
54
The seventh, and final, step is "Annealing" in which the finished IC product is heated with lamps in order to activate implanted impurities.
55
These steps are often repeated in a cycle until the finished IC product is achieved. 
C. A System-level View of Semiconductor Design
IC design has historically been a costly and labor-intensive process.
57
After a high-tech company hires an industry analyst firm to perform a market study of the specific functions a customer base may desire, an IC systems engineer analyzes these specific functions to determine the feasibility of implementing such IC features.
58
A systems engineer can organize a large and potentially unwieldy IC system into smaller "system blocks" to make the system more cost-effective. 59 For instance, consider the following overly-simplified hypothetical: An IC microprocessor design is contrived to make the conversion of digital data into analog audio or video output extremely efficient. After market research is done, a semiconductor company, such as Analog Devices or NXP Semiconductor, V. enables secure connections and infrastructure for a smarter world, advancing solutions that make lives easier, better and safer. As the world leader in secure connectivity solutions for embedded applications, NXP is driving innovation in the secure connected vehicle, end-to-end security and privacy and smart connected solutions markets.").
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trying to determine the optimal use of devices in such a system based on metrics that include power consumption, battery lifetime, speed, bandwidth, processor performance, video/image quality and so on.
61
In order to simplify the design process, many large ICs are defined with block diagrams.
62
For primarily digital IC systems used in computer microprocessors or other digital applications, block diagrams can represent components such as shift registers, memory blocks ("RAM" or "ROM"), or arithmetic logic units ("ALUs"). 63 For primarily analog IC systems, block diagrams representing amplifiers (which amplify electrical signals) and diodes (which act like switches) are more prevalent. 64 Most modern ICs are a combination of digital and analog systems, so they often feature both elements. All of these block diagrams, regardless of whether digital or analog based, are eventually placed in a large "floor-plan" layout.
65
The floor-plan layout is similar to an architect's blueprint. Essentially, the floor plan is a diagram of the actual placement of 61 The systems engineer does not want to use too many devices, but at the same time realizes they may need to use a lot of devices in order to achieve more complicated tasks. For instance: "smaller chips are easier to test and design and produce a greater yield but their use must be balanced against the higher cost of handling, testing, and packaging a larger number of chips." See Kasch, supra note 25, at 85, n. 77. Shift registers, memory blocks, and ALUs are all common components of computer architecture. A shift register holds numerous binary values and an ALU is a section of a computer's central processing unit ("CPU") that makes logical comparisons in order to execute arithmetic functions. All an arithmetic function really is, when broken down into 1s and 0s, is the use of many different logic operations (and/or gates). See WHITE, supra note 41, at 184-85. 64 Id. at 211. 65 Kushagra Khorwal, Naveen Kumar, & Sonal Ahuja, Floorplanning: Concept, Challenges, and Closure, EDN NETWORK (Sept. 19, 2012), https://www.edn.com/ design/integrated-circuit-design/4396580/Floorplanning-concept-challenges-andclosure [https://perma.cc/U3W7-GX8G] ("The complex integrations and smaller design cycle emphasize the importance of floorplanning, i.e., the first step in netlist-to-GDSII design flow. Floorplanning not only captures designer's intent, but also presents the challenges and opportunities that affect the entire design flow, from design to implementation and chip assembly.").
major functional blocks within the chip area, expressing the physical and spatial relationship of the high level functional modules to one another. 66 The proportional area given to each functional block is decided by the number, type, and size of transistors in that certain block.
67
A transistor is essentially the basic-building block of all ICs. 68 Other architectural considerations present in a floor plan include the interconnections (or wires) between the various functional blocks, as well as the functional blocks that share common buses. 69 Floor plan designs are usually done on computer-aided design ("CAD") software, and simulated with a variety of advanced circuit simulation software.
70
D. Design, Simulation, and Testing
After the block diagrams are finalized, circuit simulation software translates high-level modules into masses of logic gates, each of which perform a basic logic operation. 71 The circuit simulation software effectively creates a "netlist," or a "bitstream," a computer file that contains the complete description of all the 66 PBS, supra note 2; Kasch, supra note 25, at 85. Interconnections are preferably constructed in metal (Aluminum). Space must be allocated in the floor plan for such interconnection routing between various functional blocks. The "buses" are usually: Vdd (power) and Vss or Vgnd (ground 
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72
A software program then performs computer simulations on the netlist or bitstream to verify that the logic operations are correct and that the circuits are fired and timed properly. 73 This process of "timing verification" can be difficult with increasingly complicated designs, because it must focus on various complicated logic problem areas within a large, unwieldy IC structure.
A finished IC is also rigorously tested before it is sold. Effective testing programs must be created and evaluated to ensure adequate verification of IC designs, as well as the detection of manufacturing defects. 74 This is especially true for Very Large Scale Integration ("VLSI") circuits, where complex circuit design must be checked with complex simulation software. 75 Once this computer-based testing aspect is done, a (human) circuit schematic designer must translate each logic gate into individual and distinctively-sized semiconductor devices. 76 The layout design engineer effectively translates the circuit elements into corresponding colored graphics. The collective mask work is usually expressed by a collection of different layered patterns and colors.
79
A final composite-layer mask work represents the culmination of all these various design tasks.
80
Without an individually distinct mask work, the grand summation of a design team's work and ingenuity, an IC simply cannot be created through the highly important process of photolithography.
II. A BRIEF LEGISLATIVE HISTORY OF THE SCPA
A. The Road Leading up to the SCPA
In the mid-1980s, the semiconductor industry perceived a need for protection against unfair copying.
81
As a preliminary economic example, consider the cycle of "learning-curve" pricing.
82
Say for instance the established semiconductor manufacturer, "New Technologies," comes out with "newChip," an innovative semiconductor chip product bringing rise to a new and exciting 
"A learning curve is a concept that graphically depicts the relationship between cost and output over a defined period of time, normally to represent the repetitive task of an employee or worker. The learning curve was first described by psychologist Hermann Ebbinghaus in 1885 and is used as a way to measure production efficiency and to forecast costs. In the visual representation of a learning curve, a steeper slope indicates initial learning translates into higher cost savings, and subsequent learnings result in increasingly slower, more difficult cost savings. : First, the cost of research & development ("R&D"), and marketing and design expenses necessary to create a cutting-edge semiconductor chip began to soar in the early 1980s.
86
For example, in 1983, one year before the SCPA was passed, development of a state-of-theart IC ranged from anywhere between $40 to $50 million; these costs today easily exceed billions. 87 Second, these expensive designs could be copied for as low as $50,000 very quickly. 88 Consequently, "pioneering companies facing competition from copycat imitators were forced to cut 83 "Second-source products" are defined as "chips electrically and mechanically compatible with the pioneering product." Kasch, supra note 25, at 78; see also infra Part IV, (discussing Clear Logic, an example of a second-source vendor because it basically "piggybacks" its products off of Altera The Copyright Office denied registration on the basis that the artistic features embodied on the IC designs were not conceptually separated from the IC's utilitarian aspects. 95 Therefore, pursuant to 17 U.S.C. § 101, the IC designs failed to meet the definition of "pictorial, graphic or sculptural works," and hence did not classify as copyrightable subject matter. 96 As a result, Intel filed a mandamus suit to compel 89 Kasch, supra note 25, at 79; Kastenmeier, supra note 82, at 420. The Copyright office also advised copyright applicants, in its opinion, that such registrations did not cover the "final chip product." Kasch, supra note 25, at 80. "The Copyright Office historically has refused, and presently does refuse, to register claims to copyright in the design or layout of . The Register was willing to accept chip design layouts, but refused to accept registration of the chips themselves, or of the masks used to make them because they were utilitarian works. Samuelson, supra note 91, at 478. 94 Kasch, supra note 25, at 79; Samuelson, supra note 91, at 480. registration, but the court in which the suit was filed dismissed the lawsuit without prejudice 97 when H.R. 14,293-a bill proposing the extension of the Copyright Act to semiconductor designs-was introduced in Congress. 98 By adding photographic mask works to the list of copyrightable subject matter enumerated in 17 U.S.C. § 102, the bill proposed to protect IC designs. 99 This provision would eventually have an effect in terms of other Copyright Act provisions, but it was consistent with the rest of title 17 of the U.S. Code. No action was taken on H.R. 14,293 before the 95th Congress adjourned, but it set the stage for the rise of the SCPA.
B. SCPA Legislative History
The 1979 San Jose Hearing
H.R. 1007, a bill identical to H.R. 14,293, was introduced during the 96th Congress.
100
On April 16, 1979, the House Judiciary Subcommittee held a hearing to obtain testimony from representations of the semiconductor industry.
101
This hearing would be known as the "San Jose Hearing," due to the fact that many industry leaders that showed up to testify were from reproductions, maps, globes, charts, diagrams, models, and technical drawings, including architectural plans. Such works shall include works of artistic craftsmanship insofar as their form but not their mechanical or utilitarian aspects are concerned; the design of a useful article, as defined in this section, shall be considered a pictorial, graphic, or sculptural work only if . . . such design incorporates pictorial, graphic or sculptural features that can be identified separately from, and are capable of existing independently of, the utilitarian aspects of the article." 17 U.S.C. § 101 (1988) ("Definitions") (emphasis added). 97 Kasch, supra note 25, at 80 n.37. 98 Id. at 80; The bill, 125 CONG. REC. 28 at 36,628 (1979), was introduced and the suit was discontinued on Oct. 12, 1987. Id.
99
Copyrightable subject matter, or "original works of authorship" included the following categories: "(1) literary works; (2) musical works, including any accompanying words; (3) dramatic works, including any accompanying music; (4) pantomimes and choreographic works; (5) pictorial, graphic, and sculptural works; (6) motion pictures and other audiovisual works; and (7) At the San Jose Hearing, members of the House Judiciary Subcommittee were "surprised to find sharply divided industry opinion on whether copyright protection for chip designs was beneficial." 103 On one side, opponents of the H.R. 1007 bill dreaded that the widespread practice of reverse engineering would be rendered illegal. 104 These opponents were also not convinced about whether mask work protection would actually deter foreign copying of U.S. chips.
105
On the other side, supporters of H.R. 1007 thought mask work protection was an excellent idea; one supporter even went so far as to accuse another company opposing the bill of having pirated and copied its IC designs in the past. 106 Thwarted by internal industry bickering, the enactment of legislation protecting semiconductor chips stalled.
107
Some industry leaders voiced a concern about "chip piracy" at the San Jose Hearing, decrying the malign intent of "chip pirates" who engaged in the wholesale copying of their competitor's IC designs. 108 The procedure that these copycat pirates utilized was explained later during the course of the hearings: the pirates would Intel actually openly accused one semiconductor competitor of having pirated its "8-K programmable reload memory chip" and its "8080 microprocessor," which are some of their main products. H.R. 1007, supra note 87, at 72. 107 Kasch, supra note 25, at 81. After the H.R. 1007 hearings, the 96th Congress brought no more attempts to legislate the protection of semiconductor chips. However, the 97th Congress did introduce chip protection bills in the House and Senate, but these bills were referred to each House's Judiciary Committee and no subsequent action was taken.; see, e. One industry representative stated that the widespread and accepted practice of "reverse engineering" was not "line-by-line" copying.
110
The San Jose Hearings established that the definition of "reverse engineering" was a restrictive one, only allowing competitors to learn from other designs, and nothing more. These bills were remarkably similar to H.R. 1007, the subject of the San Jose Hearing, and they aimed to protect chip designs by forging a new copyrightable subject matter exclusively for mask works. ). Also, a definition of "reverse engineering" was provided, but it failed to clarify the distinction between impermissible copying and permissible reverse engineering: "We certainly reverse engineer, as do all of our competitors, which is defined as looking in great detail at competitive chips and utilizing either in future designs or improved designs, the things we learn from those chips. It is standard industry practice." Id. at 69 (statement of John Finch, National Semiconductor Corp.); Raskind, supra note 109, at 394-97. 111 An early definition of "reverse engineering" in Mostek Corp. v However, an exclusive "reverse engineering" right was not included among these provisions. H.R. 1028 relied on the Copyright Act's fair use provision to implicitly confer such a right upon mask work owners.
115
By contrast, the Senate Bill S. 1201 explicitly conferred "a right of reverse engineering," but limited it to just the evaluation and analysis of protected mask works.
116
Reverse Engineering was also a big issue during the 1983 hearings in the House and Senate. For instance, the "paper-trail" requirement was suggested as a way of proving reverse engineering. 117 Furthermore, reverse engineering models were also presented. The "paper-trail" rule was modified by Brooktree Corp. v. Advanced Micro Devices, Inc., 977 F.2d 1555, 1569 (Fed. Cir. 1992) ("A reasonable jury could have inferred that AMD's paper trail . . . related entirely to AMD's failures, and that as soon as the Brooktree chip was correctly deciphered by reverse engineering, AMD did not create its own design but copied the Brooktree design . . . "); see H.R. 1028, supra note 92, at 34-36 ("If there is substantial similarity between the mask works, the second prong of the test is to look at how much time, effort, and expense was involved in developing the new 'original' mask work. To establish this element, the competitor will normally be required to produce a 'paper trail' chronicling the development of the new mask work."); see also MICHAEL D. SCOTT, SCOTT ON INFORMATION TECHNOLOGY LAW 5-52 (Wolters Kluwer, 3d ed. 2017) ("Whenever there is a true case of reverse engineering, the second firm will have prepared a great deal of paper -logic and circuit diagrams, trial layouts, computer simulations of the chip, and the like; it will also have invested thousands of hours of work. All of these can be documented by reference to the firm's ordinary business records. A pirate has no such papers, for the pirate does none of this work."). Therefore, whether there has been a true reverse engineering job or just a job of copying can be shown by looking at the defendant's records. "The paper trail of a chip tells a discerning observer whether the chip is a copy or embodies the effort of reverse engineering. I would hope that a court deciding a lawsuit for copyright infringement under this Act would consider evidence of this type as it is extremely probative of whether the defendant's intent is to copy or to reverse engineer." Id. be extended to mask works was met with slight controversy. Many critics of this concept expressed doubt of the sui generis category, stating that it had the risk of distorting traditional copyright principles and leading to interpretation problems. 119 However, Congress found the testimony of Emory University Law Professor L. Ray Patterson to be most persuasive.
120
Patterson argued that the line between form and function would be eroded if explicitly utilitarian articles, such as mask works, were to become copyrightable. This new bill added a distinct, separate, and independent sui generis chapter to title 17 of the U.S. Code exclusively to protect mask work designs. Furthermore, H.R. 5525 also included an optional notice requirement, a mandatory registration requirement within two years of first commercialization, and a reverse engineering provision.
123
The Senate eventually yielded on the sui generis issue and made extensive incorporations of H.R. 5525 into the bill it was currently pushing, S. 1201. 124 Subsequently, both houses of Congress added adopted the paper trial requirement, which was later clarified by later case law. See SCOTT, supra note 117, at 5-53 to 5-54 ("If a legitimate 'paper trail' is established, the legislative history and case law indicate that the plaintiff's burden of proof then shifts from 'substantial similarity' to a showing that the two mask works are 'substantially identical.' Thus, while the existence of a 'paper trail' is not an absolute defense to an infringement claim, it does materially raise the plaintiff's burden of proof. However, Brooktree [977 F.2d 1554 (Fed. Cir. 1992)] illustrates a paper trail can also undermine a claim of legitimate reverse engineering if it shows copying. Reverse engineering is [also] a question of fact for the jury to decide.") (internal citations omitted). 119 S. 1201, supra note 88 at 104 (statement of Jon Baumgarten); see also H.R. 1007, supra note 87, at 57 (statement of James M. Early, Director, Fairchild Camera Corp.); Samuelson, supra note 91, 485-86. Brown, supra note 99, at 587-90. 120 H.R. 5525, supra note 10, at 5-7; Kasch, supra note 25, at 84. 121 Kasch, supra note 25, at 84; H.R. 1028, supra note 92, at 51-54. Congress eventually agreed with this interpretation. Samuelson, supra note 91, 486-87. explanatory memoranda and passed the legislation unanimously. 125 The President then signed the SCPA into law on November 8, 1984.
III. THE BROOKTREE CASE
A. The Complaints of the Parties
After the SCPA was signed into law in 1984, only a single, published case applied it, four years later. Actually, three separate suits arose, stemming from the same litigation- (1) Corporation and its subsidiaries, prior to the acquisition, were engaged in designing, developing, and marketing proprietary high-performance digital and mixed-signal integrated circuits for computer graphics, imaging, multimedia, communications, and automated test equipment applications.").
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131
Specifically, Brooktree's mask works were used to fabricate ICs that converted visual-binary data (digital) into high-frequency audio-signal data (analog) for high-resolution screen displays.
132
Roughly eighty percent of the chip area for the D-A conversion ICs consisted of a "core cell" of ten transistors ("SRAM"), repeated more than 6,000 times. 133 Brooktree alleged that AMD had misappropriated Brooktree's mask works by making second-source chips based off this SRAM core-cell. 134 As discussed herein, this core-cell played a significant role in determining the definition of infringement under the SCPA's "substantial similarity" test. Allegedly, Brooktree argued AMD's mask works were copied from two Brooktree mask works labeled "Bt451" and "Bt458." Kasch, supra note 25, at 100. The mask works detailed the precise location of the active areas in the SRAM "core cell." Brooktree argued that their mask works were highly original. The design of the mask works provided several benefits including (1) the use of a high frequency, low power CMOS fabrication technology; (2) the ability to change the colors in the color palette for video screen display without any video-output disruption; and (3) the ability for the IC to operate at high frequencies without being hindered by simultaneous and synchronized reads/writes to the RAM. Brooktree Corp. v Brooktree III, 977 F.2d at 1563 ("A critical component of the Brooktree chips is the core cell, a ten-transistor SRAM cell which is repeated over six thousand times in an array covering about eighty percent of the chip area. Each core cell consists of ten transistors and metal conductors electrically connecting the transistors throughout the three dimensions of the multilayered cell. Brooktree charged that this core cell was copied by AMD, thus infringing Brooktree's mask work registrations.").
136
The test that the Brooktree I court used was the following: "As set out by the Ninth Circuit in Los Angeles Memorial Coliseum Commission v. National Football League, dismiss the motion by declaring that its IC designs were the result of legitimate reverse engineering, and hence were noninfringing. 137 To prove that it underwent valid reverse engineering, AMD established a "paper trail" of evidence revealing a continual, fifteen-month period of investment, and a R&D expenditure that was nearly equal to the research costs expended by Brooktree in designing their ICs.
138
In rebuttal, Brooktree stated that AMD's paper trail evidence only showed AMD's "incompetent efforts," and should, as a result, be ignored.
139
The first order was issued by the U.S. District Court for the Southern District of California in 1988, denying Brooktree's motion for a preliminary injunction. 140 The court ruled that AMD's paper trail evidence was sufficient to shift the burden to Plaintiff Brooktree to prove that the allegedly infringed ICs were "substantially similar" to the Brooktree ICs. 
137
Brooktree I, 705 F. Supp. at 495 (explaining that "AMD argues that Plants discovered his layout through reverse engineering, and that reverse engineering is specifically allowed under the Mask Work Act. AMD has presented evidence of a paper trail showing the various stages of Plants' discovery process. AMD maintains that it has invested an equal or greater amount of funds in developing its chips, and that the Mask Work Act was directed at minimal investment piracy rather than the type of long-term research and reverse engineering it performed."). 138 This began the formulation of the "paper-trail" evidence rule for federal courts. Id. at 495-96. 139 Id. See also Kasch, supra note 25, at 100. This is a concept from copyright law. See S. REP. NO. 98-425, at 16-18 (1984) . The Brooktree I court, however, adopts a "substantially identical" test: "The parties agree that if the defendant can produce a paper trail establishing reverse engineering, the appropriate standard is substantially identical rather than substantially similar. The court finds that defendant has produced a sufficient paper trail to require the plaintiff to prove that the alleged pirated chip is substantially identical to the original chip." Brooktree I, 705 F. Supp. at 495.
there appeared to be uncertainty as to the specific rules to apply to these detailed points of law. The one clear rule of law taken away from Brooktree is likely that "it is not necessary to copy an entire chip" to infringe under the SCPA. 163 Indeed, the finding that a competitor can copy a major core cell and still be liable for infringement is an illuminating holding. 164 Also, an extensive paper trail, although sometimes convincing, is not alone dispositive in establishing the reverse engineering defense. 165 With the issues concerning the SCPA so unresolved, the intellectual property bar seemed to be awaiting a clearer adjudication before deciding to fully explore the SCPA as a viable litigation tool. 166 These various uncertainties were to remain unresolved for nearly a decade and a half.
IV. THE ALTERA V. CLEAR LOGIC CASE
A. The Parties
Altera Corporation is a reputable titan in the high technology sector, whereas Clear Logic Incorporated is a smaller and lesser known "design house." 167 Altera is a leading manufacturer of Field Programmable Gate Arrays ("FPGAs") and Programmable Logic its . . . circuitry, logic flow, and organization of the components used in the mask work and to incorporate such analysis into an original mask work." The instruction further added that an "original mask work" is original only if the "resulting semiconductor chip product" made from that mask work is "not substantially identical to the protected mask work and its design involved significant toil and investment." Brooktree III, 977 F.2d at 1564, 67. 163 Id. at 1564. 164 Even considering the fact that AMD argued that the "core cell" only composed twenty percent of Brooktree's IC. Id. 165 Apparently, AMD's extensive paper trail was spent pursuing experimental hypotheses. Specifically, a lot of time and money was recorded just to test IC conjectures that went nowhere. Recall that the Federal Circuit held the "sheer volume of paper" in a paper-trail is not dispositive. Id. at 1569. 166 Kasch, supra note 25, at 102. 
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Devices 168 ("PLDs")-these are basically large IC systems that can be programmed to perform various logic functions. 169 Clear Logic, on the other hand, manufactures Application Specific Integrated Circuits ("ASICs"), smaller ICs that are designed to perform one very specific function.
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ASICs are usually configured from data taken from FPGAs and PLDs. 171 This is done through a computer data file known as a "bitstream," generated from the PLD.
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Once you have a bitstream, you will be able to create a specific ASIC for a customer. 173 Altera also sells chips to companies that create ASICs for customers, not to actual ASIC customers themselves. Our combined technology leadership and operational excellence enable today's largest technology and system companies to rapidly and cost effectively innovate, differentiate, and win in their markets. The company brings to Intel its FPGAs, SoCs with embedded processor systems, CPLDs, ASICs, and power solutions. These technologies and solutions are preferred by customers worldwide in a variety of end markets, including communications, networking, cloud computing and storage, industrial, automotive, and defense."). For the purposes of this Article, FPGAs and PLDs will be synonymous. "FPGAs" and "PLDs" will be referred to as "PLDs". 169 Altera Corp. v Altera, 424 F.3d at 1082 (explaining that a company that converts PLDs to ASICs must traditionally "start from a high level of description and work toward the end product, the ASIC. This can take a few months and there is a substantial risk that even after the initial attempt, the first chip will not work and more time and money will have to be invested in perfecting the product." The business model of Clear Logic appears to solve this problem.). 178 Altera Sues Clear Logic, supra note 175. determined that the jury instructions were clear and concise, and correctly stated the law. 228 In its analysis, the Ninth Circuit revealed: the SCPA's reverse engineering provision "allows copying the entire mask work: [i]t does not distinguish between the protectable and non-protectable elements of the chip as long as the copying is for the purpose of teaching, evaluating or analyzing the chip." 229 Although the product created as a result of that analysis must be original, as defined by the statutory language of 17 U.S.C. § 906(a), the process of studying the chip is not limited to copying ideas or concepts. 230 As counsel for Altera emphasized, the reverse engineering exemption allows you to make an absolute copy of the mask work. 231 The Ninth Circuit thus stated that Clear Logic had failed to establish a valid reverse engineering defense because the reverse engineering was not limited to just "ideas." 232 Another subtle nuance in the reverse engineering issue, not mentioned in the opinion, concerns the "merger doctrine" in copyright law. 233 Essentially, the merger doctrine states that if there is only one or very few ways to express an idea, then that expression is essentially merged with the idea. Because the idea and the ways to express that idea are so inextricably intertwined, the means of expression have little variation. Hence, no copyright infringement will occur if the expression is infringed, because the copyright owners would otherwise be preventing others from expressing an idea, which is impermissible. 234 The reverse 228 engineering concept boils down to a merger doctrine issue. There is really only one way to express a particularly complex mask work in a semiconductor chip product. If you photocopy it, in order to reverse engineer it, then you are infringing the expression and impermissibly "copying." 235 Essentially, due to this merger doctrine issue, companies like Clear Logic can continue using the reverse engineering defense. Eventually, overuse of this defense will make the exception swallow the rule. 236 As a matter of policy, this should be discouraged, and therefore, the definition of the "reverse engineering" exception must be made clear and unambiguous.
D. Brief Reflections on Altera
The aftermath of Altera has inevitably damaged the business model that Clear Logic has attempted to capitalize on. Not only is Clear Logic's business model now illegal, but investors also believe it to be unprofitable. It is unlikely that in the future other Silicon Valley companies will follow this business model by attempting to "piggyback" on the designs of a competitor. difficult for those striving to be a "second source" to replicate an original work of innovative designers. 239 However, there is one encouraging shift that Altera brought to the Silicon Valley economy. Following the Altera decision, the SCPA now exists as a viable litigation tool that many companies are just beginning to realize.
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It may provide a tool for emerging high-tech companies to protect their architectures quickly and inexpensively. In light of Altera's "physical grouping" ruling, the SCPA now encourages designers to protect groupings at a higher, more architectural level-not as abstract "ideas" but as concrete embodiments of the mask-beyond a lower transistor level.
V. CONTEMPORARY APPLICATIONS OF THE SCPA
There exists a wide array of untapped SCPA usages that have not been realized before. Former German Court of Appeals Judge, Law Professor and IP Scholar, Thomas Hoeren, suggests that the sui generis protection extended to semiconductor mask works via the SCPA collapsed for various economic and legal reasons, and was replaced by the modern prioritization of "classic" IP rights, such as patents and copyright, to protect integrated circuit innovations. 242 However, as this Article argues, there exists untapped potential for asserting the sui generis rights of semiconductor mask works, because the SCPA protects a unique area that is untouched by classic forms of IP. Moreover, it is up to contemporary high-tech companies to realize the sheer power inherent in the language of the SCPA in order to protect their architectures and designs, and benefit from leading the charge in evolving the landscape of SCPA law.
In this Part, a brief cost-benefit analysis approach is applied to the economics of today's semiconductor industry, with a focus on Silicon Valley and various factors such as (a) chip piracy, (b) 239 See Heit, supra note 34. 240 Id.
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Id. without restraint. 249 Due to the merger doctrine and other issues that complicate the policy principles behind reverse engineering, smaller second-sourcing firms may overuse the defense until the exception overtakes the rule. In older times, when it was standard practice to photograph a chip and to work backwards, reverse engineering may have seemed laborious and cost-intensive. However, with the advent of software-such as CAD tools and bitstreams that instantaneously convert complicated FPGA/PLD designs into a series of ones and zeros-reverse engineering today is a much more attainable reality. The Clear Logic example should be added to the reverse engineering literature, and these outdated methods should be discarded. Accordingly, changes in federal court jurisprudence should be implemented in order to address these "updated" rules for modern times.
C. IC Research and Production Costs
With the semiconductor industry reaching worldwide sales of over $300 billion, the costs of semiconductor research, production, and marketing have dramatically skyrocketed. 250 The largest semiconductor companies own micro-fabrication facilities in the United States and also abroad in Asian countries such as Taiwan and China. 251 Each of these facilities employs state-of-the-art manufacturing equipment that costs more than one million dollars apiece; such expensive equipment is handled by equally expensive talent. 252 As can be discerned, the overhead costs for the entire IC industry is rather high, making returns vital. 253 
